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COMPOSITION FOR PROVIDING 
AN ABRASION RESISTANT COATING ON A SUBSTRATE HAVING IMPROVED 
ADHESION AND IMPROVED RESISTANCE TO CRACK FORMATION 



10 
15 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to coating compositions, and more particularly but not by way 
of limitation, to coating compositions iwfaich, when cured, provide substantially transparent abrasion 
2 0 resistant coatings having tnq}roved adliesion and increased stability to cradc formation. 

Tlie pres^ invention also relates to liquid coating compositions having improved stability 
wherein the liquid coating compositions are derived from aqueous-organic solvent mixtures 
containing effective amiounts of epoxy functional siianes, disilanes and carboxylic acid componenis: 

2. Desaiption of Prior Art 

25 The prior art is replete witii compositions which, when applied to substrates and cured, 

provide transparent, abrasion resistant coatings for the substrates. Such coatings are especially 
useful for polymeric substrates where it is highly desirable to provide substrates with abrasion 



wo 00/24831 PCT/US99/M615 

resistant surfaces. However, adhesion problems and crack formation can result from environmeatal 
e?q>osure and usual processing of the coated articles. Thus, a need has long existed for improved 
compositions having improved stability, and which, when applied to a substrate^ such as a polymeric 
substrate, and cured provide transparent, abrasion resistant coatmgs with improved adhesion and 
5 stability to cradc formatioa It is to such compositions and processes by which such compositions 
are manufactured and BppHed to substrates that the present mvendon is directed. 

BRIEF SUMMARY OF THE INVENTION 
Tlie present mvention provides coating compositions having improved stability vMdb^ when 

10 applied to a variety of substrates and cured^ form transparent abrasioii resistant coatiisgs havixtg 
improved adhesion and resistance to cradc formation. Broadly, the coating compositions of the 
present invention comprise an aqueous-organic solvent mixture containing from about 10 tb about 
99.9 weight percent, based on the total solids of the composition, of a mixture of hydrolysis products 
and partial condensates of an epoxy functional silane, a disilane, and from about 0.01 to about 80 

15 weight percent, based on the total wei^ of the composition, of a carboxylic acid functional 
compound selected from the group consisting of carboxylic acids, multifuncttona] carboxylic acids, 
anhydrides, and combinations thereof. The epoxy functional silane and the disilane are present in 
the aqueous-organic solvent mixture m a molar ratio of from about O.OS: 1 to about 5:1. The coating 
compositions of the present invention may further include from about 0. 1 to about 80 weight percent 

20 of a mixture of hydrolysis products and partial condensates of one or more silane additives, based 
on the total solids of the composition, and/or an amount of colloidal silica or a metal oxide or 
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combinatioos thereof, eqpuvalent to from about 0.1 to about 75 wdght percoit solids, based on the 
total solids of the compositioa 

It is an object of the present invention to provide coating compositions having improved 
stability which fomi transparent coatings upon curing. It is a ftnther object of the fvesent invention 
5 to provide stable coating compositions, which form tnuisparoat coatings upon curing having abrasion 
resistance, improved adhesion, and hnproved resistance to crack formation. 

Other objects, advantages and features of the present invention will become qjparent upon 
reading the following detailed description in conjunction with the appended claims. 

10 DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to coating compositions having improved stability which, when 
applied to a variety of substrates and cured, fonn substantially transparent abrasion resistant 
coatings, which provide unproved adhesion and in^roved resistance to cradk formtatioa For testing 
coated samples, coadng compositions were applied to poly (diethylene glycol-bis*allyl carbonate) 

15 lenses, hereinafter referred to as ADC l^es and cured at a temperature of 1 1 0*" C for a period of 
3 hours. Semi-quantitative assessments of the extent of cracking and adhesion were made using the 
following tests. . . 

For testing adhesion of the coated articles the procedures of ASTM D-3359, Le. the tape test, 
were followed 

20 A typical test for measuring the adhesion and resistance to cracking of a coating composition 

cured on a substrate consists of immersion of the coated article in boiling aqueous tint for a period 
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of time, e. g. 30 minutes, followed by inspecdon for crack formation and testing for adhesioit 
Widiin the ophtiialmic industry it is common to use such tint solutions on lenses to reduce fte overall 
transmission of Ugto through the lens, for exam|)le for a sungla^ Thus, it is necessary 

for cured coating compositions on ophthalmic lenses not to cradc or lose adhesion as a result of 
treatmients in boiling tint In the boiling tint test, coated and cmred lenses were tested m BPI Blade 
Tint (Brain Power, Inc.) under boiling conditions. In tiiis test a bottle of BPI Black Tint 
(qjproKimately 100 grams) was diluted to about 900 grams mth tap water and brought to a boil. The 
coated article was immersed in the boiling solution for a period of 30 numites. The coated article 
was removed from the tint solution and inspected for craddng and tested for adhesioa 

For testing abrasion resistance of coated substrates, any of a number of quantitative test 
methods may be employed, induding tiie Taber Test (ASTM D-4060), the Tumble Test and 
Standard Mediod for the Modified Bayer Test, which is described in The AR Coundl of America 
Standard Testmg Procedures section 5.2.5 and is a variaticHi of the test metiiod, ASTM F735-81. 
In addition, there are a number of qualitative test methods that may be used for measurmg abrasion 
resistance, including the Sted Wool Test and the Eraser Test In the Sted Wool Test and the Eraser 
Test, coated substrate samples are scratched under reproducible conditions (constant load, frequ^cy, 
etc.). The scratched test samples are then compared and rateki against standard samples. A 
s^ni-quantitative application of these test methods involves the use of an instrument, such as a 
Spectrophotometer or a Colorimeter, for measuring the scratches on the coated substrate as a harft 
gaia 
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The measured abrasion resistance of a cured coating on a substxate» whether measured by the 
Modified Bayer Test, Taber Test. Steel Wool Test, Eraser Test, Tumble Test, etc. is a function, in 
part, of die cure temperature and cure time. In general, higher temperatures and longer cure times 
result in higher measured abrasion resistance. Normally, the cure temperature and cure time are 
selected for compatibility with the substrate; although, sometimes less than optimum cure 
temperatures and cure times are used due to process and/or equipment limitations. It will be 
recognized by those skilled in die art that other variables, such as coating thickness and the nature 
of die substrate, will also have an effea on the measured abrasion resistance. In general, for eadi 
type of substrate and for eadi coating composition Ih^e will be an optimum coating thickness. The 
optimum cure temperature, cure time, coatixig diickness, and the like, can be readily detmnined 
empirically by those skilled in die art 

In the testmethod employed to determine the abrasion resistance of the coating compositiozis 
of the present invention, a commercially available alundum (gram code 1524, 12 grit, alundum ZF) 
sold by Norton Advanced Ceramics of Canada Inc., 8001 Daly Street, Niagra Falls, Ontario, was 
used as die abrasive material. In this test, 540 grams alundum was loaded into a 9 5/16" x 6 3/4" 
oadle fitted widi four lenses. Each set of four loises, herem referred to as ADC lenses, and two 
coated lenses, were subjected to . a 4 inch stroke (die direction of tiie stroke coinciding with the 
9 5/16" leog^ of the cradle) at an oscillation frequent of 300 strokes per minute for a total of 
4 minutes. The lens cradle was rq)ositioned by turning 180 degrees after die mitiai 2 minutes of 
oscillations. Repositioning of the aadle was used to reduce the impact of any inconsistencies in the 
oscillating mechanism. The ADC reference lenses used were Silor 70 mm piano FSV lenses. 
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purchased through Essilor of America, Inc. of St Petersburg, Florida. The above described 
procedure is slightly modified from that which is described fay the AR Council of America by 
increasing the weight of the alundum to acconunodate the increased sur&ce area of the larger cradle. 
The oadle described above holds 4 lenses. 

The haze generated on the lenses was then measured on a Gardner XL-83S Colorimeter. Tbe 
haze gain for eadi lens was detemiined as the difference between the initial haze on the lenses and 
die haze BStsr testing. The ratio of the haze gam on the ADC reference lenses to die haze gain on die 
coated sample lenses was then reported as the resultant abrasion resistance of the coating *"atmal 
A ratio of greater than 1 indicates a coating which provides greater abrasion resistEmce then the 
uncoated ADC reference lenses. This rado is commonly rrferred to as the Bayer ratio, number or 
value. Coating with high abrasion resistance possess larger Bay^ numbers than coatings with lower 
abrasion resistance. 

The measured adhesion, resistance to cracking and abrasion resistance of a cured coating is 
a funcdon of the pardcular coating composition and the application and processing conditions used 
for the coating coniposition. Thus, the use of any substrate pretreatments, including the use of 
primers, the technique utilized for applying the coating composition on a substrate, the drying and 
curing conditions used for the coated article, and the resultant coating thickness, may have an affect 
on any or all of these propdrdes. The c^timum conditions for any particular coating composition 
will depend on liie desired end properties of die coated and cured product, and can be determined 
empirically. 
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It should be understood that (a) the des^iptions hereia of coating systems which contain 
epoxy functional silanes, disilanes, sUane additives whidb do not contain an epoxy functional group, 
and the carboxylic acid component, refer to the incipient silanes and carboxylic acid components 
firom which the coating system is formed^ (b) when the epoxy functional silanes, disilanes, and silane 
additives wiiich do not contain an epoxy functional group, are combmed with the aqueous-organic 
solvent mixture under the appropriate conditions, a hydrolysis reaction occurs resulting in partially 
or fiiliy hydrolyzed species, (c) the resultant fully or partially hydrolyzed species can combine to 
form mixtures of multifunctional oligomeric siloxane species, (d) these oligomeric siloxane species 
may or may not contain pendant hydros and pendant alkoxy moieties and will be comprised of a 
siliconroxygen matrbc which contains botii silicon-oxygen siloxane linkages and silicon-oxygen 
carboxylic acid component linkages, (e) the resultant mbctures are dynamic oligomeric suspoisions 
that undergo structural dianges which are dependent upon a multitude of &ctors including; 
temperature, pH, water content, catalyst concentration, and the like. 

The coating compositicms of die present invention, which desirably contains from about 1 to 
about 40 weight percent solids, more desirably from about 5 to about 25 weight percent solids, 
comprise an aqueous-organic solvent mixture containing from about 1 0 to about 99. 9 weight percent, 
based on the total solids of the composition, of a mbcture of hydrolysis products .and partial 
condensates of an epoxy functional siiane and a disilane and from about 0.01 to about 80 weight 
percent, based on the total weight of tiie composition, of a compound selected from the group 
consisting of carboxylic acids, multifunctional carboxylic acids, anhydrides, and combinations 
thereof. The amount of epoxy functional silane and the amount of disilane employed can vary 
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widely and will generally be dependent upon the properties desired in the coating cpmpositidn and 
the cured coating, as well as die end use of the substrate to which the coating composition is applied 
Gm^ally, however, desirable results can be obtained where the epoxy fiincdonal silane and the 
disikne are presoit in die aqueous-organic solvent mixture in a molar mtio of £rom about O.OS: 1 to 
about 5:L More desirably, the epoxy functional silane arid the disilane are present in the aqueous- 
organic sohrent mixture in a molar ratio of fr(mi about 0.1:1 to about 3:1. 

While the presence of water in the aqueous-orgaruc solvent mixture is niecessary to form 
hydrolysis products of the silane components of the mixture, the actual amount can vary widely. 
Essentially enough water is needed to provide a substantially homogeneous coating mixture of 
hydrolysis products and partial condensates of the alkoxy funcdonal silanes (Le., die epoxy 
functional silane, the disilane and other silane components) which, when applied and cured on an 
article, provides a substantially transparent abrasion resistant coating. Such coatings can be obtained 
by employing an amount of water required for the hydrolysis of die sum of the hydrolyzible ^Skaxy 
groups on the alkoxy silane components in the coating mixture. It is preferred that die amount of 
water used for hydrolysis will range from about 0.5 to about 1 5 moles of water for each hydrolyzable 
alkmy group. The abrasion resistance of die coated article is affected by the concentration of water 
in tfae.indpient coating composition. The most significant affect of water concentration on abrasion 
resistance is seen at low water concentrations, e.g., at a stoidiiom^c concentration of water, which 
generally results in a reduction in the abrasion resistance of die coated and cured product relative to 
similar composhions prepared at greater than stoichiometric conc^itrations of water. The abrasion 
resistance for coating compositions prepared at low concentrations of water, however, can be 
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increased by the use of a condensation catalyst In g^eral, a condensation catalyst will increase the 
abrasion resistance of coating compositions prepared at both low and hiigh concentrations of water, 
however, tiie mcrease in abrasion resistance is greatest for those coating compositions prepared at 
low concentrations of water. The effective amount of water and the eEFective amount and type of 
condensation catalyst can be determined empirically. 

The solvent constituent of the aqueous-organic solvent mixture of the coating compositions 
of the present invention can be any solvent or combination of solvents wfaidi is compatible with the 
epoxy functional silane» the disilane, and the carboxylic acid component For example, the solvent 
constituent of the aqueous-organic solvent mixture may be an alcohol, an ether, a glycol or a glycol 
etiier, a ketone, an ester, a glycoletiier acetate and mixtures thereof. Suitable alcohols can be 
represented by the formula ROH vAxexe R is an alkyl group containing from 1 to about 10 carbon 
atoms. Some examples of alcohols useful in the q)plication of this invention are metiumol, edianol, 
propanol, isopropanol, butanol, isobutanol, secondary butanol, tertiary butanol, cyclohexanol, 
pentanol, octanol, decanol, and mixtures thereof 

Suitable glycols, ethers, glycol ethers can be represented by the formula R^-(OR\-OR^ 
yAiere x is 0, 1, 2, 3 or 4, R* is hydrogen or an alkyl group containing from 1 to about 10 carbon 
atoms and R^ is an alkylene group containing from 1 to about 10 carbon atoms and combinations 
tiiereof. 

Examples of glycols, ethers and glycol etiiers having die above-defined formula and whidi 
may be used as the solvent constituent of the aqueous-organic solvent mixture of the coating 
compositions of the present invention are di-n-butyledier, Xylene glycol dimethyl etiier, propylene 
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glycol dimethyl ether, propylene glycol methyl ether, dipropyleoe glycol methyl ether, tripropylene 
glycol methyl ether, dipropylene glycol dimethyl ether, tiipropyl-ene glycol dimethyl ether, etfayleoe 
glycol butyl ethei; diethyleae glycol butyl ether, ediylene glycol dibutyl ether, ediylene glycol 
methyl ether, (fiethylene glycol ethyl ether, diethyleae glycol dhnelfay] ether, ethylene glycol ethyl 
ether, ethylene glycol diethyl ether, ethylene glycol, diethylene glycol, tiiethylene glycol, propylene 
glycol, dipropylene glycol, tiqjropylene glycol, butylene glycol, dibutylene glycol, Iributylene glycol 
and mixtures thereof In addition to tte above, cydic e&ers sudi ais tetiahydrofiiran and dioxane are 
suitable ethers for the aqueous-organic solvoit mixture. 

Examples of ketones suitable for the acpieous-organic sohreot moetnre are actfone, diac^ne 
alcohol, mediyl eAyl ketone, eydohexanone. meAyl isobutyl ketone and mbctures thereof. 

Examples of estera suitable for the aqueous-organic solvent mixture are ethyl acetate^ 
n-propyl acetate n-butyl acetate and OMnbuiations diereof 

Examples of glycol ether acetates suitable for lbs aqueous-organic solvent mixture are 
propylene glycol methyl ether acetate, d^ropylene glycol methyl ether acetate, e&yl 
S-^oxypropionate, ethylene glycol eflijd ether acetate and combhutions thereof 

The epaxy functional silane useful in the formulation of the coating compositions of die 
present invention, can be any ^oxy functional silane which is compatible with die disilane and the 
carbojqriic add component of die coating composition, and which provides a coating conqrasition 
which, vpoa curing, produces a substantially transparent abrasion resistant coating which odilbits 
improved adhesion and improved resistance to crack formation. Generally, sudi epoxy functional 
sihmes are represented by die formuhi R';^i(OR04.x where x is an integer of 1, 2 or 3, is H. an 
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alkyl group, a fiinctionalized alkyl group, an alkylene group, an aryl group, an alkyl ether, and 
combinations thereof containing from 1 to about 10 carbon atoms and having at least 1 epoxy 
functional group, and R* is H. an alkyl group containing from 1 to about 5 carbon atoms, an acetyl 
group, a -Si(OR%^«y group where y is an integer of 0, 1, 2, or 3, and combinations thereof where 
is H. an alkyl group containing from 1 to about 5 carbon atoms, an acetyl group, or another - 
Si(OR03.yR*y group and combmations thereof, and R« is H, an alkyl group, a functionaUzed alky! 
group, an alkylene group, an aryl group, an alkyl ether, and combinations thereof containing from 
1 to about 10 carbon atoms which may also contain an epoxy functional group. 

Examples of such epoxy fimctional silanes are glycidoxy-methyltrimethoxysilane, 
3-glycidoxypropyltrihydroxysilane, 3-glycidoxypropyldimethylhydroxysilane, 
3-giycidoxypropyltrimethoxysiIane, 3-glycidoxypropyltriethoxysilane, 3-glycidoxypropyl- 
dimethoxym ethyl sil an e, 3 -gly cidoxypropyldimethy Imethoxysilane, 
3-glycidoxypropyltributoxysilane, l,3-bis(glycidoxypropyl)tetra-methyldisiloxane, 
1 ,3-bis(glycidoxypropyl)tetramethoxydisiloxane, 1 ,3-bis(gIycidoxypropyl). 1 .3-dimethyI- 
1.3-dimethoxydisiloxane. 2,3-epoxypropyltrimethoxysilane, 3,4.epoxybutyltrimethoxysilane, 
6,7.epoxyheptyltrimethoxysilane. 9, 1 0-epoxydecyitrimethoxy silane. 
1 ,3-bis(2,3-epoxypropyl)tetrame4bxydisiloxane, 1 .3^bis(6,7.epo.xy-heptyl)tetramethoxydisiloxane. 
2-(3,4-epoxycyclohexyl) ethyltrimethoxysilane, and the like. 

The disilane additives useful in the coating compositions of the present invention have the 
foraiula (R'O)«RV,Si-RVSiR^VK(OR»0x where x is 0, 1, 2 or 3 and y is 0 or 1; R» and R'« are H, CI. 
Br, an alkyl group containing from about I to 10 carbon atoms, a functionalized alkyl group, an 
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alkylene group, an aryl group, an alkylpolyether group and combinations thereof; and R" are H, 
an alkyl group containing from about 1 to 10 carbon atoms, an acetyl group, and combinations 
thereof. If y b 1 then R' can be an alkylene group containing from about 1 to 12 carbon atoms, an 
alkylenepolyether containing from about 1 to 12 carbon atoms, an aiyl group, an alkylene substituted 
aryl group, an alkylene group which may contain one or more olefins, or an oxygen or sulfiir. If tfO, 
then R' and R'° are CI or Br, and if y = 0, there is a direct silicon-silicon bond. 

Examples of disilanes satisfying the above defined formula include bis(triethoxysilyI)ethane, 
bis(triethoxysilyl)methane, bis(trichlorosilyl)propane, bis(triethoxysilyl)ethylene, 1,3 
bistriethoxysilyletfaane, hexaethoxydisiloxane, hexaetfaoxydisilane. 

The coating compositions of the present invention may contain any carboxylic acid 
compatible with the epoxy functional silane and the disilane of the coating compositions and which 
is capable of interacting with the hydrolysis products and partial condensates of the epoxy functional 
silane and the disilane to provide stability to the coating composition which, upon curing, produces 
a substantially transparent, abrasion resistant coating having improved adhesion and improved crack 
resistance. 

The carboxylic acid functional compound as used herein is understood to include mono- and 
multi-fimctional carboxylic acids as well as anhydrides which produce mono- and multifunctional 
carboxylic acids. The carboxylic acid functional compound is represented by tiie fonhula 
R"(COOR")x; where x is an integer of 1, 2, 3, or 4, and where Fi^ is H, an alkyl group, a 
functionalized alkyl group, an alkylene group, an aryl group, a functionalized aryl group, an alkyl 
ether, and combinations thereof containing from 1 to about 10 carbon atoms, and where R^^ is H, a 
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formyl group, a caibonyl group, or an acyl group. wh»e the acyl group can be functionalized with 
an alkyl group, a functinalized alkyi group, an alkylene group, an aryl group, a fiinctionalized aryl 
group, an alkyl ether, and combinations thereof containing from 1 to about 10 carbon atoms. 
Examples of carboxyiic adds which can be employed in the preparation of the coating compositions 
of the present invention include acetic acid, acrylic acid, methaaylic add, formic add, propionic 
acid, butanoic acid, malic add, aconitic acid (ds,trans), haconic add, sucdnic add, malonic arid, 
glutaric add, adipic add, pimelic acid, suberic add, azelaic add, sebadcacid, cyclohcxyl succmic 
acid, 1.3,5 benzene tricarboxylic acid, 1,2,4,5 benzene tetracarboxylic acid, 
1,4-cyclohexanedicarboxylicadd, 1,3-cyclohexanedicarboKylic add, 1,1-cyclohexanediaoeticadd, 
1,3-cyclohexanedicarboxyIic add, 1,1-cyclohexanediacetic acid, 1,3-cycloheanediacetic acid, 
1,3,5-cyclohexanetricarboxyIic acid and unsaturated dibasic adds such as fumaric add and maldc 
add and combinations thereof. 

Examples of anhydrides wfaidi can be employed to produce the carboxyiic add component 
of the coating compositions of the present invention include the anhydrides of the above mentioned 
carbojg^lic acids sudi as acetic anhydride, propionic anhydride, acryKc anhydride, methaaylic 
anhydride and the cyclic anhydrides of the above mentioned dibasic adds such as succinic 
anhydride, itaconic anhydride, glutaric anhydride, trimeilitic anhydride, pyromellitic anhydride, 
phlhalic anhydride and maldc anhydride and combinations thereof 

Optionally, in addition to the carboxyiic acid component of the coating composition, a 
mmeral acid such as, for example, hydrochloric acid or nitric acid, can be used as a co-hydrolysis 
catalyst for the hydrolysis of the silane compounds described herein. 
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Hie coating compositions of the present invention are also stable with respect to aging, both 
in terms of performance and solution stabiUty. The aging of tiie coating compositions is 
characterized by a gradual increase in viscosity, which eventuaUy renders tiie coating compositions 
unusable due to processing constraints. The coating compositions of tiie present invention, when 
stored at temperatures of 5 " C or lower have usable shelf lives of at least 3 momhs. During tiiis 
period, die abrasion resistance of tiie cured coatings does not significanfly decrease witii time. 
Furtiier, studies have shown tiiat tiie stabi% of tiie coating compositions is depmdent on tiie relative 
concentrations of tiie epoxy functional silane. tiie disilane and tiie carboxylic add component In 
general, higher concentrations of flie epoxy functional silane and tiie carboxylic acid componait 
relative to tiie disilane component contribute to increased stability of tiie coating mixture. Thus, m 
addition to providing enhanced abrasion resistance to tiie cured coatings, tiie carboxylic add 
component contributes to tiie overall stability of the coating compositions. 

The improvements in adhesion and resistance to caadc formation for tiie abrasion resistant 
coating compositions of tiie present invention are adiieVed through tiie unique combination of an 
epoxy functional silane, a disilane and a carboxylic acid componoit Tie coating con^iositions may 
optionaUy indude otiier materials which may: (a) enhance tiie stability of tiie coating compositions; 
(b) increase tiie abrasion resistance of cured coatings produced by tiie coating compositions; (c) 
improve processing of tiie coating con^Kisitions; and (d) provide otiier desirable properties to tiie 
coating compositions and tiie cured products of tiie coating compositions. 

The coating compositions of the present invention may furtiier include from about 0.1 to 
about 80 weight p^cent, based on tiie weight of total soUds of tiie coating compositions, of a mfarture 
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of hydrolysis products and partial condensates of one or more silane additives (Le, tetrafunctional 
silanes, trifunctioDal silanes, difunctiooal silanes, monofunctional silanes, and mixtures thereof). 
The sUane additives which can be incorporated into the coating compositions of the present 
invention can be r^esented by the formula R^',Si(0R'*)4^ where x is a 0, 1, 2 or 3; R" is H, or an 
alkyl group confainmg from 1 to about 10 carbon atoms, a functionalized alkyl group, an aikyleae 
group, an aryl group an alkyl etiier group and combinations thereof, R'^ is H, an alkyl group 
containing from 1 to about 10 carbon atoms, an acetyl gronq), a -SiCOR^^ggroup and combinations 
thereof 

Examples of silane additives represented by the above-^ieBned formula are 
mefliyltrimethoxysilane, ethyltrimethoxysilane, propyltriinethoxysilane, butyltrimethoxysilane, 
isobutyltrimethoxysilane, hexyltrimethoxysilane, octyltrimethoxy-silane, decyltrimethoxysilane, 
cyclohexyltrimethoxysilane, cyclo-hexylmethyltrimethoxy.silane, 
3-methacryIoxypropyltrimethoxysilane, vinyltrimethoxysilane, allyltrunethoxysilane, 
dimethyldimethoxysilane, 2-(3^cyclohexenyl)ethyltrimethoxysiiane, S-cyanopropyl- 
trimethoxysilane, 3-chloropropyltrimethoxysilane, 2-chloroethyltrimethoxysilane, 
phenethyltrimedioxysilane. 3-mercaptopropyl-trimethoxysilane, 3-aminopropyltrimetfioxysilane, 
phenyltrimethoxysilane. 3-isocyanopropyltrimethoxysilane, N-(2-aminoethyl)- 
3-aminopropyltrimethoxysilane, 4-(2-amiiioethylaminomethyI)phaiethyltrimethoxysilane, 
diloromethyltrieflioxysilane, 2-chloro-ethyltriethoxysilane, 3-diloropropyItriethoxysilane. phenyl- 
triethoxysilane, ethyltriethoxysilane, propyltriethoxysilane, butyltriethoxysilane, 
isobutyltriethoxysilane, hexyltriethoxy-silane, octyltri^oxysilane, decyltriethoxysilane. cyclohexyl- 
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triethoxysilane, cyclohexylmethyltriethoxysilane, 3-methacryloxy-propyltriethoxysilane, 
vinyltriethoxysilane, ally Itriethoxysi lane, [2-(3-cyclohexenyI)ethyltriethoxysilane, 
S^cyanopropyltriethoxysilaae, S-methacrylamtdbpropyltriethoxysilane, 3-methoxypropyl- 
trimethoxysilane, 3 -ethoxypropy Itrimethoxy silane, 3 -propoxypropyltrimethoxysUane, 
3-fflediaKyethyltrimethoxysiIane, 3-ethoxye^^ 3-propoxyethyltiimethoxysilane, 
2-[methoxy-(polyethyleiieoxy)propyl]lieptainethyltrisiloxaiie, [metlioxy(poly- 
ethyleflebxy)propyl]trmiethoxysiIane, [methoxy(polyethyleneoxy)etliyl]trimethoxysilane, 
[methoxy(polyethylaieoxy)propyl]trietfaoxysihne,[methoxy^ 

tetnunethyl ortfaosilicate, tetraeAyl oiAosilicate^ tetiapropyl oithosilicate^ tetraisopropyl 
ortbosilicate, t^butyl ortfaosilicate, tetntisobutyl orthosilicate, tetrakis(methoxyethoxy)sUane, 
tetia]ds(metfaoxyprop(»Qr)siIane, tetia]ds(e1faoxyethoxy)siIane;t^ralds 

trimethoxyethoxysilane, dimethoxydiethoxysilane, triethoxymethoxysilane, 
poiy(dimetlioxysiloxane), poly(diethoxysiloxane), poly(dimethoxydiethoxysiloxane), 
tetiakb(t£imetho^siloxy)silane, tetiakis(tiietfaoxysiloxy)silaiie, and the like. 

When x=0 the R^^ may also be an acyl group to ^eld a caiboxylate group, ^camples of 
tetiaiuiictioiial silanes with carboxyiate groups are silicon tetracetate, silicon tetrapropionate and 
silicon tetrabutyrate. 

The selecdon of the silane additive, as well as the amount of sudi silane additive 
incorporated into the coating compositions wiU depend upon the particular properties to be enhanced 
or imparted to either the coating composition or the cured coating composition. For example, when 
a tetrafiinctional silane (e.g., tetraethyl orthosilicate) is utilized as die silane additive and 
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incorporated into a coating composition in accordance with the present invention, the abrasion 
resistance is greatly enhanced while maintaining Ae beneficial properties of adhesion and r^istance 
to crack formatioa 

In certam applications^ it is useful to add colloidal silica to tiie coating composition. 
Colloidal silica is commercially available under a number of different tradename designations, 
mduding Nalcoag® (Nalco Chemical Co., Naperville. IL); Nyacol® (Nyacol Products. Inc., 
Ashland. MA);.Snowtex(E) (Nissan Chemical Industries. LTD.. Tokyo, Japan); Ludox® (DuPont 
Company. Wihnington. Delaware); and Highlink OG® (Hoedist Celanese. Charlotte, NC). The 
colloidal silica is an aqueous or organic soh/eat dispersion of particulate silica and the various 
products diflPer principally by particle size, silica concentration, pH, presence of stabilizing ions, 
solvent makeup, and the like. It should be noted that substantially diffident product properties can 
be obtained throu^ the selection of different colloidal silicas. 

Colloidal silica, when added to a coating composition, is considered a reactive matgrjpl Hie 
surface of the silica is covered with silicon bound hydroxyls, some of which are dq)rotonated, whidi 
can interact with materials in the coating composhion of the preset invention. The extent of these 
interactions is dictated by a variety of factors, including solvent system, pH, concentration, and ionic 
strength. The manufacturing process further affects these interactions. Thus colloidal silica can be 
added into a coating formulation in different ways with differ^ results. 

It has been observed that the addition of colloidal silica to the coating compositions of tiie 
present invention can further enhance the abrasion resistance of the cured coating compositions and 
can further contribute to the overall stability of the coating compositions. The most significant 
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results have been achieved with the use of aqueous basic colloidal siUca, that is. aqueous mixtures 
of colloidal silica haviiig a pH greater than 7. In such cases, the high pH is accompanied by a higher 
concentiationofastabiIizingcbunterion,suchasthesodiumcation. Cured coatings formulated from 
the coating compositions of &e present invention which contain basic colloidal silicas show 
improved abrasion resistance and stability. 

In the same maimer, it is possible to add other metal oxides into the coating compositions 
of ike present inventioa Such addWons may be made instead of, or in addition to, any colloidal 
silica additions. Metal oxides may be added to the inventive coatings to provide or ^ihance specific 
properties of the cured coating, such as abrasion resistance, refractive indwc, anti-static, anti-- 
reflectance, weatherability, etc. It wiU be recognized by those skiUed in the art diat similar types of 
considerations that apply to the colloidal silica additions will also apply more generally to the metal 
oxide additions. 

Examples of metal oxides which niay be used m the coating compositions of the present 
invention include silica, zirconia, titania. ceria. tin oxide, antimony oxide, iron oxide, and mfactures 
thereof 

The amount of colloidal silica incorporated mto the coating compositions of the present 
invention can vary widely and will generally depend on the desired properties of the coating 
composition and the cured coating produced therefrom. Similarly, the amount of metal oxides 
incorporated mto the coating compositions of the present invention can vary widely and will 
generally depend on the desired physical iand optical properties of the cured coating produced from 
the coating compositions, as well as the desired stabiUty of the coating compositions. 
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When colloidal silica and/or metal oxides are incorporated into the coating compositions of 
the present invention, it is desirable to add from about 0. 1 to about 75 weight p^cent, based on the 
total weight of solids, of the colloidal silica and/or metal oxides. The colloidal silica and/or metal 
oxides will generally have a particle size in the range of 2 to 1 50 millimicrons in diameter, and more 
desirably, a particle size in the range of from about 2 to 50 millimicrons. 

Although a condensation catalyst is not an essential ingredient of tiie coating compositions 
of the present invention, the addition of a condensation catalyst can affect adhesion, resistance to 
cradcing, abrasion resistance and other properties of the coating including stability, tinting opacity, 
porosity, cosmetics, caustic resistance, water resistance and the like. When employing a 
condensation catalyst, the amount of catalyst used can vary widely, but will generally be present in 
an amount from about 0. 05 to about 20 weight percent, based on the total solids of the composition. 

Examples of catalysts which can be incorporated into the coating con^)ositions of die present 
invention are (i) metal acetylacetonates, (ii) diamides, (iii) imidazoles, (iv) amines and ammonium 
salts, (v) organic sulfonic acids and their amine salts, (vi) alkali metal salts of carboxylic adds, (vii) 
alkali metal hydroxides, (viii) fluoride salts, and (be) organostannanes. Thus, examples of such 
catalysts include for group (i) such compounds as aluminum, zinc, iron and cobalt acetylacetonates; 
group (ii) dicyandiamide; for group (iii) such compounds as 2-methyIimidazoie, 1-ethyl-. 
4-methylimidazDle and l-cyanoetfayl*2«propylimidazole; for group (iv), such compounds as 
benzyldimethylamine, and 1,2-dianiinocyclohexane; for group (v), such compounds as 
trifluoromethanesulfonic acid; for group (vi), such compounds as sodium acetate, for group (vii). 
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such compounds as sodium hydroxide, and potassium hydroxide, for group (viii), tetza n-butyl 
ammonium fluoride, and for group (ix), dibutyltin dilaurate, and the like 

An effective amount of a leveling or flow control agent can be incorpdmted into the 
composition to more evenly spread or level the composition on the sur&ce of the substrate and to 
provide substantially unifomi contact witli the substrate. The amount of the leveling or flow control 
agent can vary widely, but generally is an amount sufficient to provide ffae coating composition with 
from about 10 to about 50,000 ppm of tiie leveling or flow control agent Any conventional, 
commercially available leveling or flow control agent which is compatible with the coating 
composition and the substrate and which is capable of leveling the coating conqiosition on a 
substrate and wfaidi adiances wetting between the coating composition and the substrate can be 
employed. The use of leveling and flow control agents is well known in the art and has been 
described in the "Handbook of Coating Additives" (ed. Leonard I Calbo, pub. Marcel Dekkec),. 
pg. 119-145. 

Examples of such leveling or flow control agents which can be incorporated into the coating 
compositions of the present invention include organic polyeth^s such as TEUTON X-100, X-405, 
N-57 from Rohm and Haas, silicones such as Paint Additive 3, Paint Additive 29, Paint Additive 57 
from Dow Coming, SILWET L-77, . and SILWET L-7600 from GSi Specialties, and 
fluorosurfactants sudi as FLUORAD FC-171, FLUORAD EC-430 and FLUORAD FC-431 from 
3M Coxporatioa \ 

In addition, other additives can be added to the coating compositions of the present invention 
in order to enhance the usefulness of the coating compositions or the coatings produced by curing 
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the coating compositions. For example, ultraviolet absorbers, antioxidants, and the like can be 
incorporated into the coating compositions of the present invention, if desired 

The coating compositions of the present invention can be ptepmd by a variety of processes 
to provide stable coating compositions, whidi, upon curing, produce substantially transparent 
abrasion resistant coatings having improved adhesion and resistance to crack formation. For 
example, the epoxy functional silane, the disilane and the carboxylic acid component can be added 
tofte aqueous^organic solvent soluidon and stirred for a period of time effective to produce a coating 
composition having improved stability. When cured, such abrasion resistant coating compositions 
have improved adhesion and mcreased stability to crack formation ^en employmg the test methods 
hereinbefore described However, by incorporating a condensation catalyst into the aqueous-organic 
sphrent mixtures containing the epoxy functional silane, the disilane and the carboxylic acid 
components, the Bayer numbers of the cured coatings produced £rbm such coating compositions 
generally increase indicating a more abrasion resistant coating. 

The preferred method for preparing the coating compositions of the present invention 
consists of the initial hydrolysis of the epoxy functional silane by addition of tiie silane to deionized 
water. This is foOowed by an addition of a solution of tiie carboxylic acid component in tiie solvent 
constituent The disilane is tiien added to the above mixture and stirred for a sufficient period of 
time to allow hydrolysis of the disilane. When a silane additive is used in combination with the 
disilane compound and the epoxy functional silane, the order of addition will be d^oident on die 
nature of the silane additive. The mode of addition of the silane additive with respect to the disilane 
and/or tiie epoxy functional silane, e.g., as a mix or by sequential addition, nuty be used to influence 
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the final properties of the coating composition and the cured product therefrom. When desired a 
colloidal metal oxide and/or a condensation catalyst and/or a surfactant for leveling and flow 
improvement may be added to the final coating compbisittoa 

The coating compositions of the present invention can be applied to solid substrates by 
conventional methods, such as flow coating, spray coating, curtain coating, dip coating, spin coating, 
roll coating, etc. to form a continuous surface film. Any substrate compatible with die compositioiis 
can be coated with the compositions, such as plastic materials, wood, paper, metal, printed sur&ces, 
leather, glass, ceramics, glass ceramics, mineral based materials and textiles. The compositions are 
especially useful as coatings for synthetic organic polymeric substrates m sheet or fifan form, such 
as acrylic polymers, poly(ethylenefcerephtfaalate), polycarbonates, poiyamides, polyimides, 
copolymers of acrylonitrile-styrene, styrene-acrylonitrile-butadiene copolymers, polyvinyl diloride, 
butyrates, polyeAylene and the like. Transparent polymeric materials coated with these 
compositions are useful as flat or curved ^closures, such as windows, liquid crystal display screens, 
skylights and windshields, especially for transportation equipment Plastic lenses, such as acrylic 
or polycarbonate ophthalmic lenses, can also be coated with the compositions of die invention. 

By choice of proper formulation, application conditions and pretreatment (including the use 
of primers) of the substrate, the coating compositions of the present invention can be adhered to 
substantially all solid sur£Eu;es. Abrasion resistant coatings having unproved adhesion and resistance 
to cracking can be obtained from coating compositions of the present invoition by heat curing at 
temp^atures in the range of from about 50"" C to about 200'' C for a period of from about S minutes 
to about 18 hours. The coating thickness can be varied by means of the particular application 
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technique, but coatings having a thickness of from about 0.5 to about 20 microns, and more desirably 
from about 1 to about 1 0 microns, are generally utilized. 

In order to furdier illustrate the present invention, the following examples are given. 
Howev^, it is to be understood that the examples are for illustrative purposes only and are not to be 
construed as limiting the scope of the subject invention. 

EXAMPLES 
Pypce^tures 
Procedure A: 

Etched poly(diethylene glycol-bis-allyl carbonate) lenses and plaques (referred to as ADC 
lenses or ADC plaques) were used for coating and testing. The ADC lenses and plaques were etched 
by contact with a 1 0 % potassium hydroxide solution of 1 : 1 by weight propylene glycol mediyl ether 
and water for a period of about 1 0 minutes. The lenses and/or plaques were coated by dip coating 
using a specified withdrawal rate in units of inches per minute (ipm). The coated lenses and/or 
plaques were cured at a temperature of 1 10* C for 3 hours. The cured coated lenses and/or plaques 
were subjected to the aforementioned test procedures to determine adhesion, resistance to cracking 
and abrasion resistance. 

Rvamplft 1 A- 

110.0 grams of 3-glycidoxypropyltrimethoxysilane (GPTMS) were added dropwise to 281. S 
grams of deionized water vkiHt stirring. The aqueous GFIMS mbcture was stirred for approximately 
1.5 hours. A solution containing 281.5 grams of isopropyl alcohol (IPA) and 15.2 grams of acetic 
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add (AcOH) was added lapidly to the aqueous GPTMS mijrture. After stirriiig for 2 hours, 411.8 
grams of bis(triethoxysilyl)etfaane (BSE) were added dropwise to the stirring mixture. The resulting 
mixture was stirred overnight to produce a coating composition, wliidi possessed a pH value of 
approximately 4.2. The coatiog composition was applied to the ^hed ADC lenses according to 
procedure A» at a withdrawal rate of 6 ipm» to provide a cured coating having a thickness of about 
1.9 microns and a Bayer number of 2.4. The data showing adhesion and resistance to cracking is 
summarized in Table 1. 

0.12 grams of benzyldimediylamine (BDMA) were added to 380 grams of the coating 
composition in Example lA to yield a composition with a pH value of 5.1. After stirring for about 
3 hours, the coating composition was applied to the etohed ADC lenses according to procedure A, 
at a withcbaw rate of 6 ipm, to provide a cured coating having a thidmess of about 2.3 microns and 
a Baytf number of 3.2. The data, showing adhesion and resistance to cracking is summarized in 
Table 1. 

0.8 grams of IN NaOH were added to 380 grams of the coating composition in Example 1 A 
to yield a composition with a pH value of 5.1. After stirring, for about 3 hours, the coating 
composition was applied to the etched ADC lenses according to procedure A, at a wi&draw rate of 
6 ipm, to provide a cured coating having a thickness of about 2.3 microns and a Bayer number of 
4.0. The data showing adhesion and resistance to cracking is summarized in Table 1. 
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pvftmple 2A; 

43.5 grams of GPTMS were added dropwise to 95.7 grams deionized water while stirring. 
The aqueous mixture was stined for approximately 1.25 hours. A solution ccmtaming 95.7 grams 
of IPA and 6.0 grams of AcOH was added n^idly to the aqueous GPTMS mixture. After stirxing 
for 1.5 houis, a stirred mixture of 107.4 grams of BSE and 31.6 grams of tetraethyl ortfaosilicate 
(TEOS) was added dropwise to the stirring mixture. The residdng mixture was stirred overnight to 
produce a coating composition. 0.18 grams of FC-430 (3M) wm added to the coating composition 
to aid with flow and leveling. The resulting coating composition was stirred for an additional hour. 
The final pH value of die composition was approximately 4.2. The coating composition was applied 
to die etched ADC lenses according to procedure A, at a withdrawal rate of 2 ipm, to provide a cured 
coating having a thickness of about 2.2 microns and a Bayer number of 3.3. The data showing 
adiiesion and resistance to cracking is summarized in Tabl6 1. ' 

0.1 grams of BDMA w^e added to 180 grams of the coating composition in Example 2A 
to yield a composition with a pH value of 5.1. After stirring for about 3 hours, the coating 
composition was applied to the etched ADC lenses according to procedure A, at a withdraw rate of 
2 ipm, to provide a cured coating having a thickness of about 2.4 microns and a Bayer number of 
3.7. The data showing adhesion and resistance to cracking is summarizsed in Table 1. 
Examole 2C: 

52.6 grams of GPTMS -were added dropwise to 71.0 grams ddonized water while stirring. 
The aqueous mixture was stirred for approximately 4 hours. A solution containing 100.8 grams of 
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IPA and 7.3 grams of AcOH was added rapidly to the aqueous GPTMS mixture. After stirring for 
1 .5 hours, a stirred mixture of 46.9 grams of BSE and 73.6 grams of TEOS was added dropwise to 
the stirring mixture. After stirring overnight 27.8 grams of Nalco 1 1 IS colloidal silica were added 
to die above mixture by rapid pouring. The resulting mixture was stirred overnight to produce a 
5 coating composition. 0.38 grams of FC-430 (3M) were added to the coating composition to aid with 
flow and leveling. The resulting coating composition was stirred for an additional hour. The coating 
composition was applied to the etched ADC leases according tO; procedure A, at a ^thdrawal rate 
of 2 ipm, to provide a cured coating having a thickness of about 3.6 microns and a Bayer number 
of6.6. 

10 Ryample^A' 

107.9 grams of GPTMS were added dropwise to 286.0 grams of deionized water wMle 
stining. The aqueous mixture was stirred for approximately 1.5 hours. A solution containing 286.0 
grams of IPA and 16.2 grams of itaconic acid (ITA) was added rapidly to the aqueous GPTMS 
mixture. After stirring for2 hours, 404.0 grams of BSE were added dropwise to the stirring mixture. 
15 The resulting mbcture was stirred overnight to produce a coating composition, which possessed a pH 
value of approximately 3.9. The coating composition was applied to the etched ADC lenses 
according to procedure A, at a withdraw rate.of 6 ipm, to provide a cured coating having a thickness 
of about 2.5 microns and a Bayer number of 2.5. The data showing adhesion and resistance to 
craddng is summarized in Table 1. 

20 
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Example 3B: 

0.9 grams of BDMA were added to 380 grams of the coating composition in Example 3A 
to yield a composition wWi a pH value of 5.1. After stirring for about 3 hours, the coating 
composition was applied to the etched ADC lenses according to procedure A, at a withdraw rate of 
6 ipm, to provide a cured coatmg laving a thidmess of about Z3 microns and a Bayer number of 
5.1. The data showing adhesion and resistance to cracking is summarized in Table 1. 
Example 3C! 

2.4 grams of IN NaOH were added to 380 grams of the coating composition in Example 3 A 
to 3ield a composition with a pH vahie of 5.1. After stiniiig for about 3 hours, the coating 
composition was applied to the etched ADC lenses according to procedure A, at a withdraw rate of 
6 ipm, to provide a cured coating having a thickness of about 1.9 microns and a Bayer number of 
5.7. The data showing adhesion and resistance to mcking is summarized m Table 1. 
B?cmp>e3P: 

18.4 grams of GPTMS were added dropwise to 36.7 grams deionized water while stining. 
The aqueous mixture was stirred for approximately 3 hours. A solution containmg 52.1 grams of 
IPA and 2.8 grams of ITA was added rapidly to the aqueous GPTMS mixture. After stirring for 30 
minutes, 60.2 grams of BSE were added dropwise to the stirring mixture. After stirring overnight 
9.7 grams of Nalco 11 15 colloidal silica were added to the above mbcture by rapid pouring. Tlie 
resuhing mixture was stirred overnight to produce a coating compositioa 0. 18 grams of FC-430 
(3M) were added to the coating composition to aid witii flow and leveling. The resulting coating 
composition was stirred for an additional hour. The coating composition was applied to the etched 
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ADC lenses according to procedure A. at a withdrawal rate of 2 ipm, to provide a cured coating 
having a Aickhess of about 2.6 microns and a Bayer number of 5,8. 
Example 4A: 

43.2 grams of GPTMS were added dropwise to 101.1 grams of a 0.05 N solution of HCl in 
daonized water while stirring. TTie aqueous mijrture was stirred for approximately 30 minutes. A 
solution containing 101. 1 grams of IPA and 6.5 grams of itacpnic add (ITA) was added rapidly to 
Ae aqueous CffTMS mixture After stirring for 30 mirmtes, a stirred mixt^ 
and 31.4 grams of TEOS was added dropwise to the stirring mixture. The resulting mixture was 
stirred overnight to produce a coating compositioa 0.38 grams of FC-430 (3M) were added to the 
coating composition to aid with flow and leveling. The resuMng coating composition was stirred for 

an additional hour. The final pH value of the composition was approximately 3.7. The coating 

I 

composition was applied to the etched ADC looses according to procedure A, at a withdraw rate of 
2 ipm, to provide a cured coatmg having a thickness of about 3.4 microns and a Bayer number of 
3.5. The data showing adhesion and resistance to craddng is summarized in I^ble 1. 

1.1 grams of BDMA were added to 380 grams of the coating composition in Example 4A 
to yield a composition with a pH value of 5.1. After stirring for about 3 hours, tiie coating 
composition was applied to tiie etched ADC lenses according to procedure A, at a withdraw rate of 
2 ipm. to provide a cured coating having a tiiidcness of about 2.5 microns and a Bayer number of 
8. 1 . The data showing adhesion and resistance to craddng is summarized in Table 1 . 
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Example 5 A: 

43.2 grams of GPTMS were added dropwise to 101. 1 deionized water while stirring. The 
aqueous mfarture was stirred for approximately 4 hows. A sohition containing 101.1 grams of IPA 
and 6.S grams of itaconic add (ITA) was added rapidly to the aqueous GPTMS mixture. After 
stirring for 1.5 hours, a stirred mixture of 106.7 grams of BSE and 3 1.4 grams of TEOS was added 
dropwise to the stirring mixture. The resulting mixture was stirred ovemight to produce a coating 
composition. P.38 grams of FC-430 (3M) were added to the coating composition to aid with flow 
and leveling. The resulting coating composition was stirred for an additional hour. The final pH 
value of the composition was approsdmately 3.7. The coatintg composition was applied to the etched 
ADC l^es according to procedure A, at a witfidraw rate of 2 ipm, to provide a cured coating having 
a thickness of about 3.4 microns and a Bayer number of 3.5. The data showing adhesion and 
resistance to cradcing is summarized in Table 1. 
Example SB: 

1.1 grams of BDMA were added to 380 grams of the coating composition in Example 5 A 
to yidd a composition with a pH value of 5.1; Afte stirring for about 3 hours, the coating 
composition was applied to the etched ADC lenses according to procedure A^ at a withdraw rate of 
2 ipm, to provide a cured coating having a thickness of about 2.5 microns and a Bayer numbw of 
5.9. The data showing adhesion and resistance to cracking is sumznarized in Table 1. 

49.1 grams of GPTMS were added dropwise to 80.6 grams deionized water while stirring. 
The aqueous mixture was stirred for approximately 3 hours. A solution containing 1 14.5 grams of 
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IPA and 7.4 grams of ITA was added rapidly to the aqueous GPTMS mixture. After stiiring for 30 
minutes, a stirred mixture of 43.8 grams of BSE and 68.6 grams of TEOS was added dropwise to 
the stirring mixture. After stirring overnight 26.0 grams of Naico 1 1 IS colloidal silica was added 
to the above mixture by rapid pouring. The resulting mbcture was stirred overnight to produce a 
coating composition. 0.39 grams of FC-430 (3M) were added to the coating composition to aid with 
flow and leveling. The resulting coating composition was stirred for an additional hour. The coating 
composition was applied to the etched ADC lenses according to procedure A, at a withdrawal rate 
of 2 ipm, to provide a ciired coating having a thickness of about 2.3 microns and a Bayer numbo^ 
of 9. 1. The data showing adhesion and resistance to cracking is swnmarized in Table 1. 
Example SP; 

43.3 grams of GPTMS were added dropwise to 82.1 grams deionized water while stirring. 
The aqueous mixture was stirred for approximately 4.5 hours. A solution containing 1 1 6.6 grams 
of IPA and 6.5 grams of ITA was added rapidly to the aqueous GPTMS mixture. After stirring for 
1.5 hours, a stirred mixture of 85.1 grams of BSE and 33.4 grams of 1B0S was added dropwise to 
the stirring mixture. After stining overnight 22.9 grams of Nalco 1115 colloidal silica were added 
to the above mixture by rapid pouring. The resulting mbrture was stirred overnight to produce a 
coating composition. 0.39 grams of FC-430 (3M) were added to the coating composition to aid with 
flow and leveling. The resulting coating composition was stined for an additional hour. The coating 
composition was zppUed to the etched ADC l^es according to procedure A, at a witiidrawal rate 
of 2 ipm, to provide a cured coating having a thickness of about 2.3 microns and a Bayer number 
of 8.8. The data showing adhesion and resistance to racking is summarized in Table 1. 
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Example 5E: 

44.1 grams of GPTMS were added dropwise to a stirring solution of 103,0 grams of 
deionized water. 127.8 grams of PM-glycol ether (PMOH). and 6.1 gmms of ITA, The above 
aqueous-organic mixture was stirred for approximately 2 hours. To this mixture 52.9 grams of BSE 
and 20.7 grams of TEOS were added dropwise to the above stirring mixture. After stirring 
overnight, a 12.5 gram slug of Ludox HS-30 (Du Pont) was added to the above mixture by rapid 
pouring. The resultant mixture as stirred for four hours followed by the addition of a 24,9 gram slug 
of 1 1 15 (Nalco) by rapid pouring. The resulting mfacture was stirred overnight to produce a coating 
composition. 0.29 grams of FC-430 (3M) were added to the coating composition to aid with flow 
andlevding. The resulting coating composition was stirred for an additional 3 hours. Hie coating 
composition was applied to etched ADC lenses accordmg to procedure A, at a withdraw rate of 
2 ipm, to provide a cured coating having a thickness of 1.9 microns and a Bayer pumber 10.4. 
Example 6: 

1976 grams of GPTMS were added slowly to 3382 grams of deionized water while stirring, 
the aqueous GPTMS mixture was stirred overnight 296 grams of ITA dissolved in 3501 grams of 
IPA were added streamwise to tiie above mixture. The mixture was stirred for an additional tiiirty 
minutes, followed by slow addition of 3801 grams of TEOS. After stirring overnight, 1 045 grams 
of Nalco 1115 were added to the above mixture by rapid pouring. The resulting mixture was stirred 
overnight to produce a coating compositioa 10,5 grams of FC-430 (3M) were added to the coating 
composition to aid with flow and leveling. The resulting coating composition was stirred for an 
additional hour. The coating composition was applied to the etched ADC lenses according to 
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procedure A at a withdrawal rate of 4 ipm, to provide a cured coating having a thickness of 2.6 
microns and a Bayer number of 8.5. 



TABLE ! ♦ 



11 C = Ciadcina 


liouu^ Tint 


1 N = No Cracking 


Test 


1 (% adhesion) 




lA 


C (100%) 


IB 


N (100%) 


IC 


N (100%) 


1 2A 


C (100%) 


2B 


N (100%) 


3A 


N (100%) 


3B 


N (100%) 


3C 


N (100%) 


4A 


C (100%) 


43 


N (100%) 


5A 


C (100%) 


5B 


N (100%) 


5C 


N (100%) 


5D 


N (100%) 


5E 


N(100%) 


6 


C (100%\ 1 



* The adhesion and crazmg arc also dependent on tlie age of the coating material before 
appUcation onto the substrate and the pH and ionic strength of the tint bath and the 
thickness of the cured coating on the substrate. 
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The above data clearly indicates that by using a disilane in combination with an epoxy 
fiinctional silaae and a carboxylic acid component and variotis optional materials such as silane 
additives, co-hydrolysis catalysts, condensation catalysts, colloidal metal oxides including sUica, 
one can improve either the adhesion, the resistance to cracking or the abrasion resistance of the 
cured coating compositions, and by manipulation of these components may improve any or all of 
the above described properties. For example, the data indicated that coating compositions having 
Improved abrasion resistance as indicated by the Bayer number measured on such coating 
compositions can be achieved when one employs a multifunctional carboxylic acid as a component 
of the coating composition rafter than a monofiictional carboxylic acid. 

Changes may be made in the construction and the operation of the various components, 
elements and assemblies described herein and changes may be made in the steps or the sequence 
of steps of the methods described herein without departmg from the spirit and scope of the 
invention as defined in the following claims. 
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What claimed: 

1 . A composition having improved stability and which, when applied to a substrate and 
cured, provides an abrasion resistant coating on the substrate which has improved adhesion and 
increased stability to crack formation, comprising: 

an aqueous-organic solvent mixture containing hydrolysis products and partial 
5 condensates of an epoxy functional silane, a disilane and a carboxylic acid 

compound wherein the carboxylic acid functional compound is selected from 
the group consisting of monofunctional carboxylic acids, multifunctional 
carboxylic acids, multifunctional anhydrides and combinations thereof and 
wherein the epoxy functional silane is present in a molar ratio to the disilane 
10 of from about0.05:l to about 5:1. 



2. The composition of claim 1 wh^ein the hydrolysis products and partial condensates 
of the epoxy functional silane and the disilane are present in the aqueous-organic solvent mixture 
in an amount of from about 1 0 to about 99. 9 weight percent, based on the total solids of the coating 
composition and wherein the carboxylic acid functional compound is present in the aqueous-organic 

5 solvent mixture in an amount of from about 0. 1 to about 80 weight percent, based on the total weight 
of the coating composition. 

3. The composition of claim 1 or 2 wherein the solvent constituent of the aqueous- 
organic solvent mixture is selected from the group consisting of an alcohol, an ether, a glycol, a 



34 



wo 00/24831 

glycol ether» an ester, a ketone, a glycolether acetate and mixtures thereof. 



PCT/US99/24615 



4. The composition of any one of the preceding claims wherein the solvent constituent 
of the aqueous-organic solvent mixture is an alcohol having the general formula ROH where R is 
an alkyl group containing from 1 to about 10 carbon atoms. 

5. The composition of claim 1,2 or 3 wherein the solvent constituent of the aqueous- 
organic solvent mixture is selected from the group consisting of a glycol, an ether, a glycol ether and 
mixtures thereof having the formula R^-(OR^)x-OR^ where x is an integer of 0, 1, 2, 3 or 4, R* is H 
or an alkyl group containing from 1 to about 1 0 carbon atoms and R^ is an alky lene gtoup containing 
fiiom 1 to about 1 0 caibon atoms and combinations thereof 

6. The composition of claim 1 or 2 wherein the epoxy functional silane is present in a 
molarratio to the disilane of from about 0.1:1 toabout3:l. 

7. Thecompositionofclaiml,2,or6whereintheepoxyfunctionalsilaneisrepresented 
by the fonnula R',Si(ORVx where x is an integer of 1, 2 or 3, R^ is H, an alkyl group, a 
functionalized alkyl group, an alkylene group, an aryl group, an alkyl ether, and combinations 
thereof containing from 1 to about 10 carbon atoms and having at least 1 epoxy functional group, 
and R* is H, an alkyl group containing from 1 to about 5 carbon atoms, an acetyl group, a -Si(OR^. 
yK\ group where y is an mteger of 0, 1, 2, or 3, and combinations thereof where R^ is H, an alkyl 
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group containing from 1 to about 5 carbon atoms an acetyl group, another -Si(OR03.yR^ group and 
combinations thereof, and is H, an alkyl group, a fiinctionalized alkyl group, an alkylene group, 
an aiyi group, an alkyl ether and combinations thereof containing from 1 to about 10 carbon atoms. 

8. The composition of claim 1 or 2 wherein the disilane is represented by the formula 
(R^0)xRVxSi-RVSiR^°3^(0R")x ; where x is 0, 1, 2 or 3 and y is 0 or 1 ; R"^ and R" are selected from 
the group consisting of H, CI, Br, an alkyl group containing fiom about 1 to 10 carbon atoms, a 
functionalized alkyl group, an alkylene group, an aryl group, an alkylpolyether group and 
combinations thereof; R'^ and R'^ are selected from the group consisting of H, an alkyl group 
containing from about 1 to 10 carbon atoms, an acetyl group, and combinations thereof; where y is 
1 , R' is selected fiom the group consisting of an alkylene group cor^aining fiom about 1 to 1 2 carbon 
atoms, an alkylenepolyether containing from about 1 to 12 carbon atoms, an aiyl group, an alkylene 
substituted aiyl group, an alkylene group .whidi may contain oneor more olefins, 0 or S; and where 
x=0, R' and R'^ are selected from the group consisting of CI and Br; and where y is 0, a direct 
silicon-silicon bond is provided. 

9. The composition of claim 1 or 2 wherein the carboxylic acid functional compound 
is represented by the formula R"(COOR")x where x is an integer of 1, 2, 3, or 4 and where R" is 
H, an alkyl group, a functionalized alkyl group, an alkylene group, an aryl group, afimctionalized 
aryl group, an alkyl ether, and combinations thereof containing from 1 to about 1 0 carbon atoms, and 
where R" is H, a formyl group, a carbonyl group, or an acyl group, where the acyl group can be 
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fiinctionalized with an alkyl group, a functionalized alkyl group, an alkylene group, an aiyl group, 
a functionalized aryl group, an alkyl ether, and combinations thereof containing from 1 to about 10 
carbon atoms, and where R^^ and R^^ may or may not be joined by a chemical bond. 

1 0. The composition of any one of the preceding clauns wherein the amount of water 
presQit m the aqueous-oiganic solvit mixture is an amount sufficient to provide a substantially 
homogeneous mixture of hydrolysis products and partial condensates of the epoxy functional siiane 
and the disilane. 

11. The composition of claim lOwhmin at least a portion ofthe solvent component of 
the aqueous-oiganic solvit mixture is generated during thehydrolysis of the epoxy functional siiane 
and the disilane. 

12. The composition of claim 10 may comprise an effective amount of co-hydrolysis 
catalyst to enhance the hydrolysis rates of ±e hydrolyzable components. 

1 3 . The composition of any one of the preceding claims further comprising an effective 
amount of a catalyst to provide enhanced abrasion resistance to a coating produced by curing the 
composition. 

14. The composition of claun 13 wherein the effective amount of the catalyst is from 
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about 0. 1 to about 1 0 weight percent, based on the total solids of the composition. 



15. The composition of any one of the preceding claims wherein the aqueous-organic 
nolveat nuxture further comprises an effective amount of a leveling agoat to spread the aqueous- 
organic solvent mixture on the substrate and provide substantially uniform contact of the aqueous- 
organic solvent nuxture with the substrate. 

16. The composition of daun 1 or2 wherein theaqueous-organicsolventmixturefiirther 
comprises from about 0. 1 to about SO weight percent, based on the total solids of the composition, 
of a mixture of hydrolysis products and partial condensates of a silane additive represented by the 
formula 

- R^Si(OR*04* 

wherexisanmt^gerofO, l,2or3, R" is H, an alkyl group containing fioml to about 10 carbon 
atoms, a functionalized alkyl group, an alkylene group, an aryl group an alkyl ether group and 
combinations thereof, R^^ is H, an alkyl group containing fiom 1 to about 1 0 carbon atoms, an acetyl 
group and combinations thereof 

1 7. The composition of claim 1 6 wherein the amount of water present in the aqueous- 
organic solvent mixture is an amount sufficient to provide a substantially homogeneous mixture of 
hydrolysis products and partial condensates of the epoxy functional silane, the disiiane, and the 
silane additive. 
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18. The composition of claims 16 or 17 wherein at least a portion of the solvent 
component of the aqueous-organic solvent mixture is generated during the hydrolysis of the epoxy 
functional silane and the disilane. 

19. The composition of claim 17 may comprise an effective amount of co-hydrolysis 
catalyst to enhance the hydrolysis rates of the silane components. 

20. The composition of claim 17 may comprise an effective amount of a catalyst to 
provide enhanced abrasion resistance to a*coating produced by curing the composition. 

2 1 . The composition of claim 20 wherein the effective amount of the catalyst is from 
about 0. 1 to about 10 vmg^t percent, based on the total solids of the composition: 

22. The composition of any one of the preceding claims wherein the aqueous-organic 
solvait mixture further comprises an effective amount of a leveling agrait to spread the aqueous- 
organic solvent mixture on the substrate and provide substantially uniform contact of the aqueous- 
organic solvent mixture with the substrate. 

23 . The composition of claim 1 or 2 wherein the aqueous-organic solvent mixture further . 
comprises an effective amount of colloidal silica to provide the composition with from about 0. 1 to 
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24. The composition of claim 23 whmin the amount of water present in the aqueous- 
organic solvent mbcture is an amount sufficient to provide a substantially homogeneous mixture of 
the colloidal silica and thehydrolysis products and partial condensates of the epoxy functional silane 
and the disilane. 

25. The composition of claim 24 whmin at least a portion of the solvent component of 
the aqueous-organic solvent mixture is generated duringthehydrolysis of the epoxy functional silane 
and the disilane. 

26. The composition of claim 25 wherein the aqueous-oiganic solvent mixture further 
comprises- an ^ective amount of a catalyst to provide enhanced abrasion resistance to the coating 
produced by curiiig the aqueous-organic solvent inbcture. 

27. The composition of daun 26 wherein the effective amount of catalyst present in the 
aqueous-organic solvent mixture is fironi about 0. 1 to about 10 weight perc^t, based on the total 
solids of the aqueous-organic solvent mixture. 

28. The composition of any one of the preceding claims wherein the aqueous-organic 
solvent mixture further comprises an effective amount of a leveling agent to spread the aqueous- 
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organic solvent mixture on the substrate and provide substantially uniform oontact of the aqueous- 
organic solvent mi?cture with the substrate. 

29. Thecompositionof claim lor2whereintfaeaqueousK)rganicsolventmixturefu]t^ 
comprises: 

from about 0.1 to about SO weight percent, based on the total solids of the 
composition, of a mixture of hydrolysis products and partial condensates of 
5 a silane additive represented by the formula 

R'\Si(OR* V 

wfaerexisanmtegerofO, l,2or3, R'^ is H, an alkyl group containing fioml to about 10 carbon 
atoms, a fimcttonalized alkyl group, an alkylene group, an aryl group an alkyl ether group and 
combinations th^eof, R^^ is H, an alkyl group containingfrom 1 to about 10 carbon atoms, an acetyl 
10 group and combinations thereof; and 

an effective amount of colloidal silica to provide the composition with from about 
0. 1 to about SO weight percent silica, based on the total of solids present in 
the compositioa 

30. The composition of claim 29 wherem tiie amount of water preset in the aqueous- 
organic solvent mixture is an amount sufficient to provide a substantially homogeneous mixture of 
hydrolysis products and partial condensates of the epoxy functional silane, disilane, and silane 
additive. 
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3 1 . The composition of claim 30 herein at least a portion of the solvent component of 
the aqueous-organic solventmixture is generated during thehydrolysis of the epoxy functional silane 
the disilane, and the silane additive. 

32. The composition of claim 3 1 may comprise an effective amount of co-hydrolysis 
catalyst to enhance the hydrolysis rates of Ae hydrolyzable components. 

33 . The composition of claim 32 wherein the aqueous-organic solvent misrture fiuther 
comprises an effective amount of a catalyst to provide enhanced abrasion resistance to the coating 
produced by curing the aqueous solvent mbcture. 

34. Thecomposition of claim 33 wherein the effective amount of catalyst present in the 
aqueous-organic solvent mixture is from about 0. 1 to about 10 weight percent, based on the total 
solids of the aqueous-organic solvent mbcture. 

35. The composition of any one of the precedmg claims wherein tiie aqueous-organic 
solvent mfacture further comprises an ^ective amount of a leveling agait to spread tiie aqueous- 
organic solvent mfacture on the substrate and provide substantially uniform contact of the aqueous- 
organic solvent mixture with the substrate. 
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36, An article comprising: 
a substrate; and 

a substantially transparent abrasion resistant coating having improved adhesion and increased 
stability to crack formation formed on at least one surface of the substrate wherein the coating is 
formed by curing a coating composition according to any one of claims 1-35. 

37. A process for providing a substantially transparent abrasion resistant coating on a 
substrate having improved adhesion and increased stability to crack formation, comprising: 

applying to at least one surface of a substrate an eflFective amount of a coating 
composition in accordance with any one of claims 1 -3 5 ; and 

curing the coating composition to produce a substantially transparent abrasion resistant 
coating on a substrate which has improved adhesion and increased stability to crack formation on 
a substrate. 
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